Aims: To assess the associations of type and duration of infant feeding with components of the metabolic syndrome in children aged 9 and 15. Methods: A total of 2192 randomly selected schoolchildren aged 9 and 15 years from Estonia (n = 1174) and Denmark (n = 1018) were studied. Insulin resistance (homoeostasis model assessment), triglyceride levels, high density lipoprotein cholesterol, and systolic blood pressure were measured. Results: Children who had ever been exclusively breast fed had lower systolic blood pressures than those who were not. With full adjustment for age, sex, country, birth weight, pubertal stage, body mass index, height, maternal and paternal education, income, smoking, and body mass index the mean systolic blood pressure of children who had ever been breast fed was 1.7 mm Hg (95% CI 23.0 to 20.5) lower than those who had never been exclusively breast fed. There was a dose-response in this association with decreasing mean systolic blood pressure across categories from never exclusively breast fed to breast fed for more than six months. Exclusive breast feeding was not associated with other components of the metabolic syndrome. Results were similar when examined separately in each country. Conclusions: The magnitude of the association, its independence of important confounding factors, and the dose-response suggest that exclusive breast feeding is causally associated with reduced systolic blood pressure. The magnitude of the effect we found with blood pressure is comparable to the published effects of salt restriction and physical activity on blood pressure in adult populations, suggesting that it is of public health importance.
T
here is conflicting evidence concerning the role of breast feeding in infancy with later development of cardiovascular disease, with some, [1] [2] [3] though not all, 4 5 reporting a beneficial effect. Many more studies have assessed the association between breast feeding and subsequent blood pressure at different ages. A recent meta-analysis of these studies found a modest beneficial effect of breast feeding, which the authors concluded was unlikely to have important public health effects. 6 The reviewers were unable to determine whether study participants had been exclusively breast fed for a number of studies, and for others mixed and exclusively breast fed children were compared to those who were not breast fed. Thus any beneficial effect of exclusive feeding may have been diluted in their overall pooled estimate. In addition, different confounders were taken into account in different studies and several studies were unable to adjust for important confounders in particular socioeconomic factors. 7 Few studies examining the association between breast feeding and blood pressure have assessed a dose-response, which is important in determining causality. One large study, published since the review and meta-analysis, found that at age 7.5 years children who had ever been breast fed had mean systolic blood pressures that were on average 0.8 mm Hg lower than for those who had never been breast fed. 8 Further, in that study a dose-response, with greater duration of breast feeding being associated with greater reductions in blood pressure, was found. 8 The authors concluded that the observed effects, if causal, would have important public health implications. Similar results in other populations would be supportive of a causal association.
Breast feeding has also been found to be associated with lower total cholesterol in adulthood 9 and with reduced obesity in later life. 10 High blood pressure, dyslipidaemia, and obesity are part of a complex of cardiovascular disease risk factors, which cluster in individuals, including in childhood, and are associated with increased cardiovascular disease-the insulin resistance or metabolic syndrome. 11 Insulin resistance is associated with other early life risk factors including low birth weight and poor socioeconomic position, 12 13 and may be an important mediating factor between early life adverse exposures and later cardiovascular disease risk. 14 15 Although it has been suggested that breast feeding may protect against the development of type 1 diabetes in childhood in some, 16 17 though not all studies, 18 the association between breast feeding and insulin resistance in a general population of children has not been previously assessed.
The aim of this study is to assess the association of being exclusively breast fed with insulin resistance and other components of the metabolic syndrome in children from two diverse populations-in Estonia and Denmark.
METHODS

Setting
Data from the European Youth Heart Study (EYHS) were used. The EYHS is a multicentre, international study addressing the prevalence and aetiology of cardiovascular disease risk factors in children aged 9 and 15 years. 19 In the main study children from Estonia, Denmark, Norway, and Portugal were examined and completed health questionnaires. For the purposes of this paper, relevant data are available from children from two defined populationsEstonia (city and county of Tartu) and Denmark (city of Odense). Tartu is the second city of Estonia-an emerging eastern European country and former member of the Soviet Union. Odense is the third city of Denmark and is situated on the island of Fyn. We therefore have data on children from two very different physical and cultural environments representing eastern and northern Europe. Similar protocols for data collection were used in each country. Both study protocols conformed to the international guidelines on biomedical research and each research team complied with the ethical procedures of that country. Written, informed consent was obtained from the child's parent or legal guardian after they were given, in writing a full explanation of the aims of the study, its possible hazards, discomfort, and inconvenience. In addition, children had all the procedures verbally explained to them, together with any possible discomfort they might encounter and were given the option to withdraw at any time.
Participants
Boys and girls aged 9 and 15 years old were randomly selected to participate. These age groups were chosen to broadly represent children either side of puberty. At each study location, a defined population of children was identified and from this population a two stage cluster sample of children was randomly selected. The primary sampling units were schools, and secondary units were school registers. The overall participation proportion was similar in each country (76% in Estonia and 75% in Denmark). Fear of having a venous blood sample was the most frequently cited reason for non-participation by the children; in total, 2194 children participated.
Measurements
Each child underwent a physical examination including measurement of weight, height, waist and hip circumference, and blood pressure using standard procedures. All equipment used for blood pressure and anthropometric measures was the same in the two countries. Measurements were conducted in Denmark between September 1997 and June 1998 and in Estonia between September 1998 and June1999. The same protocols were used in both countries. Blood pressure was measured using either a Dinamap paediatric or adult vital signs monitor (model XL) with the choice between paediatric or adult machine and cuff size based on the child's arm circumference. Five measurements were taken at two minute intervals with the mean of the final three measurements used in all analyses. Blood samples were taken after an overnight fast and were all analysed at one central laboratory in Bristol, UK. High density lipoprotein cholesterol (HDLc), triglycerides, and glucose were measured by colorimetry using a Hitachi random access analyser. Insulin was measured by immunoassay, using a Dako assay that does not importantly cross-react with pro-insulin. Insulin resistance was estimated according to the homoeostasis model assessment (HOMA) as the product of fasting glucose (mmol/l) and insulin (mU/ml) divided by the constant 22.5.
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Waist circumference was measured, at the end of gentle expiration, with a metal anthropometric tape midway between the lower rib margin and the iliac crest. The measurement was taken at right angles to the axial line of the trunk. Hip circumference was measured over the buttocks, normally at the level of the great trochanter but not lower than symphysis level. Both measurements were taken at right angles to the axial line of the trunk. Weight was measured in light clothing to the nearest 0.1 kg using a calibrated beam balance scale. Height was measured without shoes to the nearest 0.5 cm using a transportable Harpenden stadiometer. The beam balance was calibrated using a weight of known mass and the stadiometer was calibrated with a metal measuring tape. Body mass index (BMI) was calculated as weight (kg)/height (m) 2 . Pubertal status was assessed by trained personnel using Tanner's classification. 21 Both of the children's parents at the time of their examination were asked to complete a questionnaire. Mothers were asked to respond to two questions concerning breast feeding: N If yes, for how long was your child breast fed? (categories provided for response were: ,1; 1-3; 4-6; .6 months)
In this paper we have compared children who were ever exclusively breast fed (answered yes to the first question) to those whose mothers indicated that they were never exclusively breast fed. A dose-response effect was examined by assessing levels of outcomes across the categories: never, ,1, 1-3, 4-6, .6 months of exclusive breast feeding.
In the questionnaires both mothers and fathers were asked to report their weight and height, smoking status, educational attainment, and personal income.
Statistical analysis
Linear regression was used to estimate age, sex, and pubertal stage adjusted differences in insulin resistance and other characteristics between the two countries. Linear regression was used to assess the association between breast feeding and insulin resistance and other components of the metabolic syndrome with adjustment for potential confounding and mediating factors. F-tests were used to assess evidence of statistical interactions-between breast feeding and sex, age group, and country in these associations. Insulin, glucose, HOMA scores, and triglyceride levels were positively skewed; geometric means are shown and the natural log of the values were used in the regression models. In analyses in which HOMA scores and triglyceride levels were the outcome of interest, the resultant regression coefficients were back transformed to give a ratio of geometric means from which a proportional (%) difference by infant feeding was calculated. Robust standard errors, taking into account possible non-independence between children from the same country, were used to calculate p values and confidence intervals for analyses combining data from both countries. All analyses were conducted using Stata version 8.0 (Stata Corporation, Texas, 2002). Table 1 shows the distributions of insulin resistance and the components of the metabolic syndrome and anthropometric measurements by country, sex, and age group of the children. As one would expect from previous studies, in both countries and among both girls and boys, the means of most risk factors were greater among the older than younger age groups and HDLc was lower in older age groups. In both countries and both age groups girls tended to have higher insulin levels and to be more insulin resistant than boys, and also had higher triglyceride levels. HDLc levels were lower among girls than boys at age 9, but were higher among girls than boys at age 15. All measures of obesity and components of the metabolic syndrome tended to be worse for children in Denmark than in Estonia (tables 1 and 2). The one exception was HDLc levels, which did not differ between the countries. Danish children were taller than Estonian children. There was slight attenuation of the country differences in components of the metabolic syndrome with adjustment for body mass index and waist to hip ratio, but essentially these differences remained even with adjustment for body mass index, waist to hip ratio, and height. For example, HOMA scores were 14% (95% CI 8 to 19) higher in Danish compared to Estonian children with adjustment for sex, age, pubertal stage, body mass index, waist to hip ratio, and height. Similar differences in triglyceride levels, systolic blood pressure, and diastolic blood pressure were 19% (95% CI 16 to 23), 2.6 mm Hg (95% CI 1.9 to 3.4), and 2.2 mm Hg (95% CI 1.7 to 2.8) respectively.
RESULTS
Of the 1174 participants from Estonia, 1073 (91%) of the mothers provided data on breast feeding, and of the 1020 Danish participants, 997 (98%) of the mothers provided these data. There were no differences in insulin resistance or other components of the metabolic syndrome between those with breast feeding data and those without these data (all p values .0.5). Table 3 shows the distributions of potential confounding factors by whether the child was ever or never exclusively breast fed. Breast feeding rates were similar in both countries, with over 80% of children in both countries having been breast fed exclusively for some time in their lives. Children from the younger aged cohort (9 years) were more likely to have been breast fed than those from the older aged cohort (15 years). Those whose mothers had completed higher education were more likely to be breast fed, and there was a tendency for those whose mothers and fathers had higher personal income to be more likely to have been breast fed, though these associations were not statistically significant. Children with a higher birth weight were more likely to have been breast fed: mean difference 0.10 kg (95% CI 0.03 to 0.16; p = 0.005). Maternal and paternal body mass index were similar in those who had ever or never been breast fed (both p values >0.2). 
Infant feeding and potential confounding factors
Infant feeding and components of the metabolic syndrome Examination of stratum specific estimates and F-tests suggested that there were no interactions with sex, age, or country in any of the associations between infant feeding and insulin resistance or components of the metabolic syndrome (all p values .0.4). The remaining results from multivariable analyses are therefore presented largely with all participants combined. These multivariable analyses were performed only on participants with complete data on all variables included in any of the models, so that comparisons between estimates from different models are based on the same subgroups. Of the 2070 participants with breast feeding data, 1557 (75%) had complete data on all other variables included in the models. There were no differences in HOMA scores or other components of the metabolic syndrome between those with these complete data and those without (all p values .0.2).
Children who had ever been exclusively breast fed had lower systolic blood pressures than those who had never been exclusively breast fed: mean difference with adjustment for age, sex, country, and pubertal stage 21.7 mm Hg (95% CI 23.0 to 20.4). This association was slightly attenuated with adjustment for maternal body mass index to 21.6 mm Hg (95% CI 22.9 to 20.3) and increased slightly with adjustment for the child's own height: 21.8 mm Hg (95% CI 23.1 to 20.5). Other potential confounding factors had little effect on the association. With full adjustment for age, sex, country, birth weight, pubertal stage, body mass index, height, maternal and paternal education, income, smoking, and body mass index the mean systolic blood pressure of children who had been breast fed was 1.7 mm Hg (95% CI 23.0 to 20.5) lower than those who had never been exclusively breast fed. In stratified analyses the fully (for age, gender, birth weight, pubertal stage, body mass index, height, maternal and paternal education, income, smoking, and body mass index) adjusted difference between ever and never being exclusively breast fed in Estonia was 21.7 mm Hg (95% CI 23.7 to 0.3) and in Denmark was 22.0 mm Hg (95% CI 23.6 to 20.5) (p = 0.8 for difference between country effects). Similar stratified analyses by gender produced fully adjusted differences of 21.9 mm Hg (95% CI 23.4 to 20.5) among girls and 22.0 mm Hg (95% CI 24.1 to 0.0) among boys, and by age group the fully adjusted differences were 21.4 mm Hg (95% CI 23.3 to 0.5) among 9 year olds and 22.4 mm Hg (95% CI 24.0 to 20.8) among 15 year olds.
There were no associations between exclusive breast feeding and insulin resistance, triglyceride levels, HDLc, or waist to hip ratio either when all data were combined or when analyses were stratified by country, gender, or age group. For example, the sex, age, country, and pubertal stage adjusted differences between those who were ever, compared to never, breast fed were 24% (95% CI 213 to 5) for HOMA score, 21% (95% CI 27 to 4) for triglycerides, 20.02 mmol/l (95% CI 20.06 to 0.02) for HDL, and 0.00 (95% CI 20.01 to 0.01) for waist to hip ratio. Although not conventionally considered part of the metabolic syndrome, we also examined associations between breast feeding and total and LDL cholesterol and found no associations with either of these outcomes. The sex, age, country, and pubertal stage adjusted differences between those who were ever, compared to There was a dose-response between exclusive breast feeding duration and mean systolic blood pressure (table 4, fig 1) , with decreasing blood pressure across categories from never to at least six months of exclusive breast feeding. Other components of the metabolic syndrome did not show a dose response. The dose-response did not differ by country (p = 0.4).
DISCUSSION
Among children aged 9 and 15 years from Estonia and Denmark we have found that exclusive breast feeding is associated with lower systolic blood pressure, and that there was a dose-response between breast feeding duration and systolic blood pressure. This association was independent of a number of potential confounding factors and was the same in both countries, despite major differences in sociocultural, dietary, and metabolic risk factors distributions between the countries. Breast feeding was not associated with other components of the metabolic syndrome.
Study strengths and limitations
The main strengths of this study are the availability of measures of insulin resistance and other components of the metabolic syndrome on these children together with maternal questions specifically aimed at establishing whether children were exclusively breast fed and for how long. In addition we had details of potential confounding factors including parental socioeconomic and smoking characteristics. The overall response proportion was good at 75%, but of these participants only 75% had complete data on all variables included in multivariable models. Those with missing data did not differ from those without these missing data on the main outcomes of interest. Selection bias due to non-response or lack of data would only occur if associations among non-responders or those without complete data were either non-existent or in the opposite direction to those we have found, which seems unlikely.
We used retrospective maternal report of breast feeding behaviour. Our rates of breast feeding among the 9 year old children from Denmark were similar to those in one study from that country which collected data in 1994-95 at the time that mothers were breast feeding. 22 However, we do not have similar information for Estonia, and for both countries routine statistics on breast feeding are not available in UNICEF documentation (http://www.unicef.org/nutrition/ index_statistics.html), suggesting that nationally representative data for these countries has not be routinely collected. Since mothers will not know the blood pressure or other metabolic outcomes of their children we can see no reason why the self-report of breast feeding will be differentiated by our outcome measures. Any non-differential measurement error would tend to dilute the associations we have presented. We were unable to obtain valid information on the content of formula feeds for the two countries over the relevant time periods. Given the differences between the two countries it is possible that formula content would differ between them, in which case the similarity of findings between the two countries would suggest that the mechanism for the association between breast feeding and systolic blood pressure is to do with breast feeding rather than the content of formula feeds. However, without the appropriate information we can only speculate about this.
Our assessment of potential confounding factors such as socioeconomic status and parental smoking and body mass index was made at the time of examining the child, and we do not have information on these variables at the time that the child was born or in infancy. Had we been able to measure these characteristics around the time of birth they may have been more strongly associated with breast feeding than the measurements made when the children were aged 9 and 15. Ideally, measures both around the time of birth and around the time at which the child's blood pressure was assessed would be the best way to deal with their potential confounding effect. However, these characteristics tend to be highly correlated over an individual's life course, and birth weight will act as a proxy indicator of socioeconomic status around birth; therefore residual confounding due to early life social factors is unlikely to fully explain the association we have found. 105 Figure 1 Adjusted mean systolic blood pressure by duration of exclusive breast feeding (adjusted for: child's age, sex, country, pubertal stage, BMI, height; mother's education, income, smoking, BMI; father's education, income, smoking, BMI). Table 4 Dose-response between exclusive breast feeding duration and insulin resistance and components of the metabolic syndrome among children from both Estonia and Denmark (n = 1557) with complete data on all variables Comparisons with other studies and possible mechanisms A recent meta-analysis of previous studies examining the association between breast feeding and systolic blood pressure found a pooled estimate from all studies of 21.10 mm Hg (95% CI 21.79 to 20.42), but with evidence of small study bias. 6 Among studies with more than 1000 participants (as in our study) the pooled estimate was 20.16 mm Hg (95% CI 20.60 to 0.28), and the authors concluded that selective publication of small studies with positive findings may have exaggerated claims that breast feeding reduces systolic blood pressure in later life. 6 In that review only four of a total of 26 studies included more than 1000 participants. 6 Of those four, three established exclusive breast feeding but each had different exposures: two exclusive breast feeding for the first three months compared to bottle feeding; one exclusive breast feeding for at least three months versus never; and the fourth exclusive or mixed feeding for at least three months versus no breast feeding. 6 None presented data on a dose response. Our study and one other large study (n = 4763) 8 published since the review suggest that ever being exclusively breast fed is associated with a 1-2 mm Hg reduction in systolic blood pressure in childhood and that there is a dose response in the association. The magnitude of the association we have found, its independence of a number of potential confounding factors, and the dose response, together with similar findings from another large study, 8 support a causal association between breast feeding and reduced systolic blood pressure.
We are not aware of any previous study that has assessed the association between breast feeding and insulin resistance. A large number of studies have assessed this association with body mass index and other measures of adiposity in later life. 10 The results from these studies are conflicting, but it appears that once socioeconomic factors and parental size are taken into account there is no strong evidence of an association between breast feeding and later adiposity. 7 10 The small number of studies that have examined the association between breast feeding and lipid outcomes have also reported conflicting results. 9 However, a systematic review found that differences between studies was in part explained by varying effects with age at which the lipid assays were undertaken. 9 Thus, in infancy breast feeding was associated with increased total and LDLc, whereas in adulthood it was associated with reduced levels of these outcomes. If this interaction with age is a real effect, then our study of individuals assessed in later childhood and adolescence may have found null results because this age represents a transition period between the opposing infancy and adult effects. However, further evidence from large prospective birth cohorts is required to be certain that the direction of the effect of breast feeding on lipid levels does indeed vary with age.
If there is truly a specific association with blood pressure, but not other components of the metabolic syndrome, then this suggests a mechanism involving intermediaries that specifically affect blood pressure and not insulin resistance or dyslipidaemia. Breast feeding may be associated with lower blood pressure through a hormonal effect or may be related to lower levels of sodium in breast milk or a protective effect of long chain polyunsaturated fatty acids. Among adults, salt reduction is associated with small reductions in blood pressure. 23 However, in a Dutch study in which infants were randomised to a low or a normal sodium diet for the first six months of life, blood pressure was markedly lower after 15 years in those allocated to the low sodium diet, suggesting that sodium restriction in infancy may have even greater effects on later blood pressure than salt reductions in adulthood. 24 Long chain polyunsaturated fatty acids are present in breast milk, but not in most formula feeds, and these may be important in normal health and development of the infant. 25 A recent follow up of a randomised controlled trial found that blood pressure at age 6 was lower (mean difference of systolic blood pressure 23.0 mm Hg (95% CI 25.4 to 20.5) and of diastolic blood pressure 23.6 mm Hg (95% CI 26.5 to 20.6)) among formula fed children who had been randomised to a formula supplemented with a long chain polyunsaturated fatty acid than among those randomised to an unsaturated formula. 26 The blood pressure among the supplemented group was similar to that among 6 year olds whose mothers had breast fed them.
Implications
The magnitude of the effect that we have found between breast feeding and blood pressure in later childhood is similar to the effect of salt restriction (21.3 mm Hg) and physical activity (20.7 mm Hg) on blood pressure reported in a systematic review of non-pharmacological interventions in adults. 23 It is possible that the effect of breast feeding on systolic blood pressure may amplify with increasing age, 27 and indeed we found that the association was of a greater magnitude in 15 year olds than 9 year olds (22.4 versus 21.4), though this difference was not statistically significant. If the association we have found is causal, breast feeding may have important public health benefits with respect to blood pressure reduction and hence reduced risk of future cardiovascular disease. Breast feeding has a number of other important benefits for mother and offspring. The likely beneficial effects on future blood pressure can be added to this list and used in addition to other benefits in the promotion of breast feeding. showed that among children with asthma a severely stressful life event increased the risk of an acute exacerbation 3-6 weeks after the event. High levels of chronic stress both increased the risk of an exacerbation of asthma after acute stress and reduced the length of time between the acute stress and the exacerbation. The dynamic logistic regression analysis used in that report used 2-week time periods and could not detect any effect of acute stress on asthma exacerbations soon after the stress. Now a survival analysis technique (hierarchical Cox regression) has been used on data from the same study to show that there is an effect in the first 2 days after acute stress (S Sandberg and colleagues. Thorax 2004;59:1046-51).
This analysis was restricted to 60 of the 70 children in the study who did not have high chronic stress. They were aged 6-13 years (mean 8.5 years) and attending a hospital asthma clinic. They were followed up for 18 months with daily symptom diaries and peak flow measurements, and regular assessment of life events using a standardised interview (the Psychological Assessment of Childhood Experiences (PACE)). The children experienced 361 exacerbations of asthma and 124 severely negative life events during the study. During the first 2 days after a severely negative life event the risk of an asthma attack was increased 4.7-fold. At 3-7 days after the event the risk was not increased but between 5 weeks and 7 weeks after the event the risk was again increased (by 80%).
Among children with asthma, but without high levels of chronic stress, acute psychosocial stress has both an early and a late effect in increasing the risk of exacerbations of asthma. The early effect occurs in the first day or two after the stress and the late effect at weeks 5 to 7. The physiological mechanisms involved remain to be elucidated.
